Introduction
The chapter provides information about panoramic radiography, showing the principal indications, advantages and disadvantages of this examination. Moreover, focus is given to some anatomical variations that can be detected on panoramic radiographs such as bifid mandibular canal, retromolar canal, and alterations such as calcified stylohyoid complex, arterial calcifications, phleboliths, sialolithiasis and tonsilloliths. Such structures/alterations are not reasons for indication of panoramic radiography, but they are radiographic findings, being important their identification, indication of more accurate examinations, and even referring to other professionals. Therefore, a literature review was conducted, citing relevant anatomy textbooks and scientific papers, and it was illustrated with panoramic radiographs showing these described structures/alterations.
Indications and contraindications of panoramic radiographs
Panoramic radiography is a radiologic technique that provides an overview of the jaws and surrounding structures. It is frequently indicated when professionals want to evaluate some structures such as unerupted third molars, orthodontic treatment, tooth development, developmental abnormalities, trauma, large lesions, and others [1, 2] . The panoramic radio-graph allows the dental professional to view a large area of the maxilla and mandible on a single film [2] .
The panoramic radiography is frequently used as initial diagnostic image of some alterations and based on it, the professional will verify the need of other more detailed and more accurate examinations [1] .
If you have a full-mouth series, the panoramic radiography shows no more or little useful information for a patient receiving general dental care [1] .
Some contraindications of panoramic radiographs are clinical situations that require detail and definition, such as carious lesions, visualization of alveolar crests, level of root canal filling [3] , periodontal disease or periapical lesions [2] .
In dental clinical practice, panoramic radiography is one of the most indicated radiographic examinations by dentists because it provides a general overview of dentomaxilomandibular structures and it is not so costly for patients.
Advantages and disadvantages of panoramic radiography
Panoramic radiography has many advantages including short time for the procedure, greater patient acceptance and cooperation, overall coverage of the dental arches and associated structures (more anatomic structures can be viewed on a panoramic film than on a complete intraoral radiograph series), simplicity, low patient radiation dose [2, 4] . The dose to the patient is approximately ten times less than full-mouth survey using the long cone and E+ film and it is four times less than four bitewings using the long round cone and E+ film [4] .
The panoramic radiograph is less confusing to the patient than a series of small separate intraoral radiographs, making it easier for the dentist to explain the diagnosis and treatment plan to the patient [5] .
The panoramic radiograph is an excellent imaging modality in patients with trismus or trauma, because such patients cannot open their mouths and this is not needed to take a panoramic film [4] . It is an excellent projection of diverse structures on a single film, which no other imaging system can achieve. Individual structures may be imaged by other methods, once pathologic conditions have been detected using the panoramic radiography [3, 4] .
Anatomical variations observed on panoramic radiographs
The term "normal" in Anatomy refers to the shape and position most frequently found in individuals, that is, the typical shape. Anatomical variation is the deviation from the normal that does not bring any noticeable functional disorder [6] .
Not very unusual, the bifid mandibular canals are observed on panoramic radiographs ( Figure 1 ). There are different frequencies and shapes in the literature.
Only 4 panoramic radiographs (0.08%) from 5,000 were highly suggestive of bifurcation [7] . Seven cases (0.35%) from 2,012 radiographs presented a suggestive image of a double mandibular canal [8] . From 700 panoramic radiographs evaluation, 3 cases (0.43%) showed bifid mandibular canal [9] . Duplication or division of the mandibular canal was found in 33 individuals (0.9%) from the 3,612 evaluated panoramic radiographs [10] . It is important to observe the presence of bifid mandibular canals to prevent potential complications during surgical dental procedures. A total of 6,000 panoramic radiographs were studied, and there were 57 bifid mandibular canals (0.95%) [11] .
Three main patterns of duplication were found radiographically [10] . The first variety (Type 1) consisted of two canals originating from one foramen. The second variety of duplication or division (Type 2) was produced by a short upper canal extending to the second molar or third molar teeth. Type 3 was seen as two mandibular canals of equal dimensions apparently arising from separate foramina in the mandibular ramus and joining together to form one canal in the molar region of the body of the mandible. Other variations (Type 4) included duplication or division of the canal, apparent partial or complete absence of the canal or lack of symmetry.
The most common supplemental mandibular canals are duplicate canals commencing from a single mandibular foramen and the least common arising from two distinctly separate foramina [10] . A different classification was used by reference [9] , which verified that type III (the canal is located close to the lower border of the mandible) is the most common, followed by the type II (the canal is noted between the apices of the first and second molars and the lower border of the mandible) and the type I (the canal is in close contact with the apices of the first and the second molars).
No great difference in frequency between males and females was found by reference [10] and there was no statistical significance between sex and types of the mandibular canal in the study of reference [9] . Women presented more bifid mandibular canals than men (63.5% vs. 36.5%) [8] .
When bifid mandibular canals were evaluated by cone beam computed tomography (CBCT), a higher frequency was found. An incidence of 15.6% from 301 mandible sides was observed by [12] and, in a recent study an incidence of 10.2% was found in CBCT of 1933 patients [13] . However, different results were found by reference [8] . In their study, computed axial tomography was used in 3 of the 7 cases with apparent double inferior alveolar nerve images on panoramic radiographs. The existence of a bifid canal could only be confirmed in 2 of these patients. The authors suggested that the true incidence of bifid mandibular canals might be lower than reported by other studies. The possible causes underlying a false double-canal radiograph may include the imprint of the mylohyoid nerve on the internal mandibular surface where it separates from the inferior alveolar nerve and travels to the floor of the mouth [8, 14, 15] . Another explanation could be the radiologic osteocondensation image produced by the insertion of the mylohyoid muscle into the internal mandibular surface, with a distribution parallel to the dental canal [8, 16] .
Bifurcation of the mandibular nerve may be a cause of inadequate anesthesia in a small percentage of cases [7, 8] . One of the seven patients who presented bifid mandibular canals on panoramic radiographs commented that her dentist had experienced problems in performing inferior alveolar nerve block in the past. Another patient had no such problems, and the remaining five patients had either never undergone anesthesia or remembered no associated problems [8] . This problem is usually resolved by performing inferior alveolar nerve anesthesia at a somewhat higher level (the so-called "Gow-Gates" technique) [8, 17] . Other possible complications can occur during surgery of the lower third molar, in orthognathic or reconstructive mandibular surgery, and in the placement of dental implants [8, 18] , because of possible damage to an unidentified second mandibular canal [8] .
Another anatomical variation that can be observed on panoramic radiographs is the retromolar canal, and it can be considered a type of mandibular canal division.
Retromolar canal has been observed in dry mandibles, cadaveric dissections, panoramic radiographs and cone beam computed tomography. Variability in the prevalence of the retromolar canal is also verified in different studies, 1.7% [19] , 12.19% [20] , 12.9% [21] , 14.08% [22] , 17% [23] , 18% [24] , 21.9% [25] , 25% [26] , 26.58% [27] (studies with dry mandibles); 5.8% [28] , 16.8% [29] (studies with panoramic radiography); 16% [30] , 75 .4% in individuals assessed by tomography exams, 72% in cadavers [31] , 52.5% [13] , 75.4% [32] (studies with computed tomography).
In the retromolar canals there were found striated muscle fibers, myelinated nerve fibers and blood vessels [26] . In the retromolar canal an artery was found, being the branch of the inferior alveolar artery, and the existing nerve derived from the inferior alveolar nerve and went to the third-molar region, the retromolar triangle mucosa, the buccal mucosa, the vestibular gingiva of the premolar region and inferior molars [33] . Accessory canals in the retromolar region are functionally important in providing the neural and/or vascular components of the mandible [34] . Figure 2 shows one retromolar canal bilaterally. Therefore, the content of the mandibular retromolar canal, usually of nerve fibers and/or blood vessels, is very important for surgical and anesthetic procedures involving the retromolar area. The confirmation of retromolar foramen and canal locations prior to surgical procedures, such as extraction of an impacted molar and bone harvesting as a donor site for bone graft surgery [35] . Complications such as traumatic neuroma, paraesthesia, and bleeding could arise because of failure to recognize the presence of mandibular canal variation [36, 37] .
Studies have demonstrated the advantage of computed tomography over panoramic radiography in identification of anatomical variations [30, 36, 38] .
It is clinically significant to accurately localize a bifid mandibular canal before dentoalveolar surgery especially when their presence is suspected by panoramic radiography [39] . Therefore, when professionals have suspicious of accessory mandibular canals on panoramic radiography, computed tomography should be done to confirm them and avoid complications.
Alterations observed on panoramic radiographs that might compromise oral and general health
Due to the broad coverage of panoramic radiographs, sometimes we can visualize some structures that affect more than the patient's oral health, but also general health. Many changes are asymptomatic and can be identified casually, as when the panoramic radiography is required for dental evaluation.
Among them, there are the calcified stylohyoid complex, arterial calcifications and other soft tissue calcifications.
Calcified stylohyoid complex
The styloid process is a cylindrical bone originated on the temporal bone [40] [41] [42] [43] [44] in front of the stylomastoid foramen [41] [42] [43] , being located between the internal and external carotid arteries and laterally to the tonsillar fossa [43, 45, 46] . According to reference [47] , elongated styloid process defines a styloid process that is longer than normal and thus associated with calcification of the process and its ligament, but some authors preferred the term calcified stylohyoid complex to describe the elongated process with advanced calcification [47] .
The stylohyoid ligament is attached to the lesser horn of the hyoid bone [43, 48] and the calcification of the stylohyoid complex includes the stylohyoid ligament which connects the styloid process to the lesser horn of the hyoid bone [43] .
The etiology of elongated styloid process is unknown [40, 43-45, 49, 50] . It was suggested that calcified styloihyoid complex could be resulted from local chronic irritations, history of trauma, endocrine disorders in female at menopause, persistence of mesenchymal elements, bone tissue growth and mechanical stress or trauma during stylohyoid ligament development [40, 43, 45, 46, 49] , although no significant difference between females at menopause or not were showed [43] . A case report of twins suggested a possibility that calcified stylohyoid complex might be originated from genetic factors [44] .
Only one report commented about the positive correlation that was found between the length of the styloid process and serum calcium concentration, heel bone density and body height and weight [47] . Previous studies reported difference in age for calcified stylohyoid ligament [51] , i.e., the length increased with the age [41] [42] [43] 52] , and its occurrence is rare in children [46] . Thus, dentists should pay attention not only for pathosis of the teeth and jaws, but also for information on general health conditions [47] .
The measurements of the calcified stylohyoid complex on the panoramic radiography consist on the distance from the point where the styloid process left the tympanic plate to the tip of the process, involving mineralized parts of the ligament [42, 47, 50] .
The literature reports that calcified styloid process is considered normal when it does not extend below the mandibular foramen. It is considered elongated when it extends below the mandibular foramen [51] . Finally, calcification of the stylohyoid ligament occurs when the calcification extends below the mandibular foramen and does not appear to be continuous with the base of the skull [51] . Figure 3 presents a panoramic radiography showing a calcified stylohyoid complex on both sides. Cervicalpharyngeal pain is classified into 3 entities: Eagle syndrome, stylohyoid syndrome and pseudostylohyoid syndrome [46] . Eagle's syndrome comprises elongated styloid process when it causes clinical symptoms, including dysphagia, foreign body sensation [45, 46, 48, 50, 53, 54] , odynophagia, hypersalivation, and more rarely, temporary voice changes [53] . Eagle syndrome needs a history of trauma or neck surgery and painful symptoms on clinical palpation of the elongation or ossification of the stylohyoid process complex [46] . It may also cause stroke when compresses carotid arteries [40] .
Stylohyoid syndrome does not comprise a history of trauma or surgery [46] , and it occurs due to the compression of the internal and external carotid arteries and vascular structures [43, 53] , resulting in a persistent pain to the carotid region, as headache, chronic neck pain, pain upon head movement and pain radiating to the eye [53] . It also shows radiographic elongation or ossification of the stylohyoid process complex [46] and it affects patients older than 40 years [46, 48] . This condition is more prevalent than Eagle syndrome [48] .
In pseudostylohyoid syndrome there is no evidence of any elongation or ossification, but the patient describes the symptoms [46] .
In Eagle syndrome, the styloid process is longer than 25mm [46] ; from 25mm to 30mm it is considered elongated [42] , although it varies in length in different people and even on the two sides of the same person [41, 42] . There is a significant prevalence for men concerning the styloid process length [42, 47] . However, there was no difference between sexes on the pattern distribution of calcified stylohyoid complex [43, 47, 51, 52] . The calcified stylohyoid complex bilaterally is prevalent [1, 41-43, 49, 52] .
Radiographic imaging may include panoramic radiography, lateral cephalometry, Towne projection film, or computed tomogragphy (CT) scan [42, 43, 45, 46, 48, 53] .
Calcified stylohyoid complex is usually visualized on panoramic radiography [1, 40, 51] as an incidental finding [49] , as a long, thin, radiopaque process that is thicker at its base, posteriorly to the external acoustic meatus, with a trajectory downward and forward [1, 46] . A thicker calcified stylohyoid complex is uncommon. Figure 4 presents a very thick calcified stylohyoid complex. Panoramic radiography is the best imaging modality to visualize the styloid process bilaterally [42, 45] in patients with or without symptoms, and helps avoid misinterpretation of symptoms as tonsillar pain or dental pain, pharyngeal or muscular origin [42] . Panoramic radiography may be the first choice as imaging modality, because of its availability, low cost, diagnostic performance, and less patient dose compared to other imaging methods [43] . Nevertheless, panoramic radiography is not appropriate for measuring the length, and to show direction and anatomical variation of calcified stylohyoid complex compared to the multislice computed tomography [40, 46, 48, 54] and cone beam computed tomography do [43] .
Data from clinical history, physical and radiographic examination must be considered when diagnosing Eagle's syndrome [46, 47, 54] . In the physical examination the calcified stylohyoid complex can be palpated on the tonsillar fossa as a hard and pointed structure [45, 49, 54] .
The differentiation diagnosis of styloid ligament calcification may include calcified carotid artery atheromas, pheboliths and lymph node calcification [47] and for symptomatic elongated styloid process may comprise temporomandibular joint disorder, glossopharyngeal and trigeminal neuralgias, temporal arteritis, migraine, myofacial pain, atypical odontalgia, sialadenitis, sialolithiasis, cervical arthritis and tumors [46, 49] , pain secondary to unerupted or impacted third molars, histaminic headache [46] .
Most patients with calcified stylohyoid complex are asymptomatic [1, 44, 52] and no treatment is required [1] . The first choice of treatment is the use of analgesics and anti-inflammatory medications [46, 49] . However, for severe symptomatic patients with Eagle's syndrome the surgical excision of the stylohyoid complex is recommended [1, 44, 46, 54] . Regardless the cervicalpharyngeal pain it is important for the dentist who is involved in the diagnosis and treatment of these syndromes to identify on the panoramic radiography the calcified stylohyoid complex and to refer the patient to a specialized team.
Arterial calcifications
The common carotid artery originates from the aorta artery and in the height of the upper edge of the thyroid cartilage branches into two terminal branches: internal and external carotid artery. The identification of the point of bifurcation is often located 3 cm below the lower edge of the mandible [55] .
It is considered a dystrophic calcification where there are deposited calcium salts in chronically inflamed or necrotic tissues. The presence of an atheromatous plaque in the extracranial carotid vascular path is the main cause for vasculocerebral embolism and obstructive diseases [1] .
Carotid artery atherosclerotic plaques develop when fatty substances, cholesterol, platelets, cellular waste products, and calcium are deposited in the lining of the artery [56] . Some risk factors for atherosclerosis are: diabetes mellitus, obesity, hypertension, smoking, inadequate diet, chronic kidney disease and menopause among others [57] .
Panoramic radiographs, obtained during professional dental examinations, are a potential method for early detection of Calcified Carotid Artery Atheroma (CCAA) [58] . Patients found to have carotid calcification on panoramic radiographs should be referred for cerebrovascular and cardiovascular evaluation and aggressive management of vascular risk factors [59] . Patients who have risk factors and CCAA on panoramic radiographs have a higher chance of suffering a vascular event compared with patients without image CCAA on panoramic radiographs, indicating that the incidental finding of calcifications on a panoramic dental radiograph is a powerful marker for future adverse, nonfatal, vascular events, with cardiovascular events being more common than cerebrovascular events [56] .
The prevalence of CCAA in HIV+patients was assessed by reference [60] through review of medical records and on panoramic radiography and the authors concluded that infection and the treatment used to treat HIV infection can influence the identification of CCAA. Thus, a careful examination of panoramic radiographs in these patients is recommended and the need for further studies related to the subject is reinforced.
Authors [61] observed hypertension as the major risk factor associated with carotid artery calcification followed by diabetes mellitus and hyperlipidemia in the Thai population. A standard panoramic dental radiography detected the presence of calcified cervical carotid artery disease in approximately 31% of postmenopausal women with no history of transient ischemic attack or stroke. It was demonstrated that hypertension was a significant risk factor for the development of atheromas [62] . Other authors [63] observed that patients who had evidence of calcified carotid plaque on panoramic radiographs had lower incidence of diabetes mellitus and hyperlipidemia but were more likely to have stroke, compared with patients with negative panoramic radiography for calcification.
The utility of observing calcification will obviously depend on the prevalence and amount of calcium within these lesions, which varies according to each patient [64] .
A high interobserver agreement (92.4%) on the detection of carotid artery calcification (CAC) on panoramic radiographs of male patients above 50 years old was observed by reference [65] . No significant difference in the prevalence CCA in HIV+patients using conventional and digital panoramic radiograph was found [60] . Authors [66] emphasized that digital panoramic radiograph allow low intensity calcifications to be visualized due to the possibility of changing the contrast, density and expansion.
Radiographically, calcified carotid atheroma is initially developed at the bifurcation of arteries, soft tissues of the neck, and adjacent to the greater horn of the hyoid bone and the cervical vertebrae C3 and C4 or the intervertebral space between them. They are radiopaque, usually multiple and irregularly shaped, with a vertical distribution and they have an internally heterogeneous radiopacity [1] . The shape varies from circular to mostly linear with irregular margins and appears punctate containing areas of radiolucencies [67] . Figures 5 and 6 present panoramic radiographs with images suggesting the presence of atheromas. Panoramic radiographs of a 67-year-old white woman were evaluated, and observed the presence of multiple, irregular, nonhomogenous radiopacities lying overboth the right and the left carotid bifurcations [64] . The calcifications were located inferior to the angle of the mandible and the tip of the hyoid bone, and to the top tip of the thyroid cartilage and the C3, C4 and C5 vertebrae [64] . Other authors [61] evaluated panoramic radiographs in 1370 patients and reported the presence of calcified carotid artery as irregular, heterogenous, vertcolinear or circular radiopaque lower to the neck at the level of the C3 and C4 intervertebral junction in the Thai population. The carotid artery calcifications were located within the soft tissues of the neck, approximately 2 centimeters inferior and posterior to the angle of the mandible, at about the level of the lower margin of the third cervical vertebra [62] .
The differential diagnosis of CCAA image can be performed with several nearby anatomical structures such as the hyoid bone, styloid process, especially the thyroid cartilage and triticeous cartilage.
The triticeous cartilage often occurs in each lateral thyrohyoid ligament forming the edges of the thyrohyoid membrane [68] .
The calcified triticeous cartilage can be confused with an atheromatous plaque but the shape, outline and location help in discriminating the triticeous cartilage from calcification in the carotid arteries [1, 67] .
Triticeous cartilages and calcified carotid atheromas are located in a similar region on panoramic radiographs; the shape and outline help in differentiating these 2 calcifications in the neck. Triticeous cartilage is specifically located between the greater horn of the hyoid and superior horn of the thyroid cartilage, and the shape is mostly well-defined oval, with a smooth, well-defined corticated border [67] . Figure 7 shows a panoramic radiography with triticeous cartilages on both sides. Authors [57] emphasized that although the panoramic radiography is not the test of choice, it is possible to identify atheroma in the carotid artery and therefore the dentist may instruct the patient to seek medical advice as soon as possible.
In order to confirm the presence of CACs, advanced imaging techniques such as duplex ultrasound, magnetic resonance imaging, and angiography should be performed [61] .
The reliability of digital panoramic radiographs in detecting atheroma in the carotid artery was assessed [69] and the authors compared with ultrasound examinations. The results showed that digital panoramic radiography has a high level of agreement with ultrasonography with 76% of sensitivity and 98.66% of specificity. The authors concluded that the panoramic radiograph should not be routinely used in the detection of calcified carotid atheromatous plaques although when detected on a routine dental examination it is very useful.
The image of CCAA on panoramic radiograph was confirmed utilizing duplex ultra-sonography, which revealed carotid artery stenosis (CAS) [64] . The authors suggested that calcifications seen lying over the carotid bifurcation on panoramic radiographs should prompt further evaluation for CAS.
The dystrophic calcification of the tunica intima resulting in CCAA can be distinguished radiographically from another calcified form of arteriosclerosis, medial artery arteriosclerosis (MAA) or Mönckeberg's medial calcific sclerosis. The calcification in MAA is generalized because it affects the tunica media of medium and smaller muscular arteries. Calcifications are typically diffuse, multiple, and circumferential along the wall of the arterial vessel. MAA may be an indicator of peripheral artery disease, including diabetes mellitus or chronic kidney disease. MAA is generally observed in the limbs and rarely reported in the head and neck [70] . MAA can be identified on the panoramic radiography when the facial artery is affected.
According to reference [71] , the panoramic radiography can be the first auxiliary in diagnosis for detecting facial artery calcification in patients in hemodialysis. The authors suggested that more studies should be performed, in order to determine the incidence of that alteration in those patients.
Radiographically, the calcium deposited in the arterial wall outlines the artery contour, being identified as a pair of parallel, thin radiopaque lines, or with circular aspect, depending on the evaluated view [1] .
Sialolithiasis
Sialolithiasis is the most common disease of the salivary glands [72] [73] [74] characterized by obstruction of salivary secretion by a calculus, associated with swelling, pain [72, 75, 76] and infection of the affected gland [75] . More than 80% of the salivary gland calculi occurs in the submandibular gland [1, 72, [74] [75] [76] [77] [78] and 5%-20% in the parotid gland [72, [75] [76] [77] [78] and rarely in the sublingual gland and the minor salivary glands (1% to 2%) [72, [75] [76] [77] . It is common in adults (1.2% of the population), with a male predominance [1, 72, 74, 76, 77] , although previous investigators cited that sialolithisis occurs more frequently in white woman [73] . Children are rarely involved and sialolithiasis is more frequently in the third to the sixth decades of life [72, [74] [75] [76] [77] .
Patients with sialolithiasis may complain of moderate to intense pain when it involves the duct of a major salivary gland, particularly at mealtimes, when salivary flow is stimulated [1, 73] , associated with enlargement of the gland [73] .
Sialoliths are stones found within the ducts of salivary glands [1] and may be single or multiple [72, 76] . Single sialolith is more common seen [1, 79] . Figure 8 shows a panoramic radiography with a single sialolith on the right side in the submandibular gland. They measure from 1 mm to less than 1 cm [72, 74, 75] . Giant sialoliths are rare, bigger than 3.5 cm and also occur in male patients and are commonly located in the submandibular gland [74] .
According to reference [74] , several factors seem to be involved in the development of salivary calculi in the submandibular gland tissues such as: the submandibular excretory duct is wider in diameter and longer than the Stensen's duct; the secretion against gravity [74, 77] ; the secretion is more alkaline compared with pH of the parotid saliva; the submandibular saliva contains a higher quantity of mucin proteins, while parotid saliva is entirely serous; then its saliva presents high calcium and phosphate content [73, 74, 77] .
Initial events that contribute for the formation of a nidus that later will be the site for the precipitation of mineral salts contained in the salivary secretion include infection, inflammation, physical trauma, salivary stagnation, introduction of foreign bodies and the presence of desquamated ephitelial cells [73, 74] .
The likely mechanism of sialolith formation in the sublingual gland is mechanical trauma with mucus extravasation, which serves as a nidus for stone formation [77] . In summary, the formation of a sialolith requires salivary stagnation, a nidus and a precipitation of salivary salts [75] .
Depending on the sialolith size and calcification degree, it can be visible in conventional radiographs. In panoramic radiography, the calcification image may appear superimposed on the mandible; therefore, it may be mistaken by an intrabone lesion [73] . Plain film radiography demonstrates dystrophic calcifications and the possible involvement of adjcent osseous structures [1] .
Panoramic radiography usually shows sialoliths in the submandibular gland if they are located in the posterior duct [1] . If calculi can not be visualized in conventional radiographs, other imaging examinations may be necessary [73] . Sialography is used to evaluate obstructive and inflammatory conditions of the ductal system. If the patient is allergic to the iodine contrast agent used in sialography, the alternative imaging examination is ultrasonography or scintilography [1] .
Computed tomography or magnetic resonance imaging are appropriate if the sialography suggests the presence of a space-occupying mass [1] . According to previous investigation, panoramic radiography and CT scan estimation appeared to be somewhat closer to the surgical specimen size [75] .
Sialoliths in the sublingual gland are usually round or oval shaped. However, stones in Wharton's duct may be elongated. Parotid stones are usually smaller and more often multiple [77] . A single mass of calcification of the parotid gland with a calcification of part of its duct can be seen in the Figure 9 .
Giant sublingual sialolith was previous described as a large single calcified mass in sublingual area on panoramic radiography. Giant sublingual sialolith has already been associated with dysphagia as well as eating and speaking difficulty [76] Sialolith is usually homogeneously radiopaque, although it can show evidence of multiple layers of calcification if large [1, 79] . Salivary stones are usually shaped by the duct and then Emerging Trends in Oral Health Sciences and Dentistrythey are elongated [77, 79] . Sialoliths are more likely localized in the Wharton's duct (submandibular gland) than in the Stensen's duct (parotid gland) [79] . Figure 10 shows calcifications in the submandibular and parotid glands. A previous report described 3 cases with multiple microliths in their parotid parenchyma in Sjögren's syndrome showing panoramic radiography with many spots-like calcifications observed around the gonial angle and in the posterior part of the ramus [78] . According to previous publication, parotid calculi are frequently seen about halfway up on the ramus and may be multiple [80] as cited above. We can observe a panoramic radiography with multiple microliths in the parotid gland on both sides in the Figure 11 . Figure 11 . Digital panoramic radiography with image suggesting multiple microliths in the parotid gland on both sides.
Although this report is about panoramic radiography, previous investigations comment about cone beam computed tomography (CBCT) and reported that for visualization of the delicate structures of the parotid and submandibular salivary glands and for identification of sialoliths and single ductal strictures, CBCT sialography may be better than plain film sialography [81] . CBCT is the preferable imaging modality for salivary calculus diagnosis considering its high diagnostic-information-to-radiation-dose ratio [82] and to show the shapes of stones more clearly [75] .
Vascular malformation with phleboliths must be included in the differential diagnosis of salivary gland obstruction and magnetic resonance imaging may be able to distinguish between them, but sialography is the most effective diagnostic modality to this differentiation [79] .
According to [72] , sialolithiasis treatment depends on the localization of the salivary calculus [72, 73] . The sialolith should be removed via a transoral sialolithotomy avoing sialadenectomy. Intraglandular sialoliths necessitate sialadenectomy [73, 75] . Solitary sialoliths usually do not recur [72] .
Phleboliths
Phleboliths are idiopathic calcification (or calcinosis) that results from deposition of calcium in the normal tissue. This calcification results from deposition of calcium in the normal tissue, despite normal serum levels of calcium and phosphate [1] . Phleboliths are calcified thrombi found within vascular channels, often in the presence of hemangiomas or vascular malformations. They may originate from injury to a vessel wall or result from stagnation of the flow of blood [83, 84] . A case of intramuscular hemangioma was related by reference [85] , where it was observed the large number of phleboliths of the tongue due to the long-term presence of hemangioma and stagnant blood flow. The authors [86] , when reporting an intramuscular hemangioma also suggested that the cause of the large number of phleboliths is the long-term presence of hemangioma and stagnant blood.
The presence of vascular anomalies in the head and neck has a great importance for the professionals working in this area, since any procedure performed in this region without the due caution may trigger the onset of an emergency, as bleeding, which can lead to the patient's death. Therefore, there is a need to conduct a thorough diagnosis in order to help in the discovery of the existence of these defects, so that such situations are avoided [87] . Those authors reviewed the charts of 108 patients with vascular anomalies and observed in 31% of the cases that the changes were in the region of the mouth and tongue, being the period of childhood and adolescence the most affected (64%).
Clinically, the vascular changes may have a swollen soft tissue, which is throbbing and with its modified coloration and some noises when auscultating [1] .
A case of a patient with multiple swellings on the surface and in the mouth with a purplish coloration in intraoral examination was reported by reference [88] . Radiographic examination showed small phleboliths in the left submandibular region, and ultrasound also showed calcifications. Histological examination showed that the characteristics are originated from venous malformation. Three cases of hemangioma of the head and neck varying like the clinical characteristics presented were presented by reference [89] , however some commonalities between them could be noticed as swelling, absence of pulse or noise, and two cases showed discoloration.
Phleboliths calcification starts in the center of the thrombus and consists of apatite crystals of calcium phosphate and carbonate [1] . Initially, calcification of the thrombus occurs, forming the core of the phlebolith. The fibrinous component then undergoes secondary calcification and becomes attached. Repetition of this process causes enlargement of the phlebolith [86] .
Radiographically, the phlebolith features radiopaque, rounded or oval image measuring more than 6mm in diameter and uniform periphery. Internally, it can present a homogeneous radiopacity, but it commonly presents a laminated appearance with a target aspect [1] . A patient with an oral mixed mucosal and submucosal venous malformation with multiple phleboliths, which the panoramic radiograph revealed multiple round-to-oval radiopaque bodies located in the soft tissues of the left retromolar trigone. Those structures had a laminated pattern and were interpreted as phleboliths [90] .
A patient presented a small mass that contained calcification in the anterior part of the masseter muscle and the plain radiograph showed a round, uniformly radiopaque lesion [91] . The same was observed by other authors [92] , who reported about a patient with a masseteric intramuscular hemangioma, which other than a mild facial asymmetry, was subjectively asymptomatic. This diagnosis could not be reached without computed tomography (CT) scan that identified the presence of the calcified body confirmed by the panoramic radiograph. The patient did not exhibit the lamellated feature of a phlebolith. MRI with contrast was ordered for further evaluation and diagnosis that clearly visualized an enhanced vascular lesion within the left masseter muscle, and confirmed the presence and location of the phlebolith. However, phleboliths are not easily recognized in magnetic resonance image (MRI) film because of their very low signal intensity. They are best identified on plain radiograph and CT scan. Authors [93] observed in occlusal radiograph of a patient with vascular malformation, two oval radiopaque images, diagnosed after microscopic examination as being phlebolith.
Studies about hemangiomas and venous malformations associating imaging methods have been reported in literature aiming to improve the diagnosis of these changes and the presence of phleboliths. CT was used in 3 cases that revealed phleboliths so no other imaging was considered to be necessary [89] . Phlebolith was observed on radiography and ultrasonography of paranasal sinus [88] . Plain x-rays may also help with the diagnosis because of the typical appearance of the calcified bodies and computed tomography, magnetic ressonance, and ultrasonography are more useful for making an accurate diagnosis [91] . A case of intramuscular hemangioma and another one of vascular malformation presenting phleboliths by the use of sialography and occlusal radiographs was presented by reference [84] . Occlusal radiography and Doppler ultrasonography also were used in a case of vascular malformation [93] .
The radiographic image of phlebolith can be similar to a sialolith [1] . Phleboliths are usually multiple, with oval shape, randomly located and lamellated [92] . Figure 12 shows a panoramic radiography with multiple phleboliths on the right side. 
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The sialoliths are frequently elliptically or elongated shaped due to the anatomic contour of the salivary duct [90, 92] . According to reference [90] , sialography usually reveals a filling defect at the site of the salivary calculus, whereas phleboliths appear to be external to the duct system [90] . A case of recurrent episodes of pain and swelling in the right submandibular region was reported by reference [79] . Radiopaque images were identified in occlusal and panoramic radiographs, being diagnosed as sialoliths. The sialendoscopy was indicated and no intraductal stones were detected. A vascular network of capillaries was detected in all the ductal lumen altering the sialolithiasis diagnostic to a vascular malformation with phleboliths. The authors concluded that the vascular malformation obstructing the duct of the salivary gland is overlooked by physicians, and that phleboliths may be confounded with sialoliths.
Tonsilloliths
Tonsilloliths are calcifications within a tonsillar crypt, which involve primarily the palatine tonsil caused by dystrophic calcification as a result of chronic inflammation [94] . Small concretions are not uncommon findings especially in the aged population [95] , however large tonsillar concretions occur with a much lower incidence [95] [96] [97] [98] .
The prevalence of tonsilloliths (measuring above 2 mm) in 1524 patients attending the oral and maxillofacial radiology clinic of The University of Iowa was observed to be 8.14% by reference [99] . The age range of subjects was 9.2-87 years (mean 52.6 years), the average size of tonsillolith was 4mm (range: 3-11 mm), with no sex predilection.
The large tonsilloliths occur in males and females equally [98, 100] , and on the fifth decade of life [100] . Tonsilloliths in children are rare and they are more common in young adults with long stories of recurrent tonsillar inflammation [98, 100] .
The exact etiology and pathogenesis is unknown. Repeated episodes of inflammation may produce fibrosis at the openings of the tonsillar crypts. Bacterial and epithelial debris then accumulates within these crypts and contributes to the formation of retention cysts. Calcification occurs subsequent to the deposition of inorganic salts and the enlargement of the formed concretion takes place gradually. The tonsilloliths derive their phosphate and carbonate of lime and magnesia from saliva secreted by salivary glands [94] [95] [96] [97] [98] 101] . The mineral content of tonsilloliths can be composed by phosphorus, calcium, carbonate or magnesium [95] .
On the panoramic radiography, tonsilloliths commonly appear as multiple, small, and illdefined radiopacities [99] . On the other hand, other authors [94] described tonsilloliths as usually being single and unilateral, but occasionally they may be multiple or bilateral. Tonsilloliths should be the first differential diagnosis when multiple opaque lesions with illdefined borders, which are superimposed on the palatal uvula and the ramus are detected on the panoramic radiography [94] . The radiographic appearance of tonsilloliths was predominantly multiple and well defined (62.90%) and the single, well-defined tonsillolith in a similar location constituted 28.23% in the study of reference [99] . The authors verified that the majority of the cases were located in the lower one third of the mandibular ramus (93.55%). Figures 13  and 14 shows panoramic radiographs with multiple tonsilloliths in the lower one third of the mandibular ramus on both sides. 
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Calcifications in the carotid arterial, lymph nodes, salivary gland and stylohyoid ligament are some of the differential diagnosis that might be considered [101] .
On the clinical examination, it should be considered malignancy or calcified granulomatous disease such as tertiary syphilis, tuberculosis and deep fungal infection as differential diagnosis [98] .
When no predisposing causes can be discovered (like chronic obstructive sialolithiasis of the salivary glands, past medical history of kidney stone), the medical history represents the most important element to recognise the tendency of some patients to develop calcifications, as in the case reported [96] . The observations in the study of [99] do not support any correlations between tonsilloliths and calcifications in other body organs, tissues, or ducts.
Patients with tonsilloliths may be asymptomatic probably when the calcifications have small size [101] , and their lesions discovered incidentally on panoramic radiographs or they can present pain or soreness, dysphagia, halitosis, otalgia, infection, a foreign body-like sensation, irritable cough, difficulty in swallowing, bad/altered taste [94] [95] [96] [98] [99] [100] .
Incidental findings of large tonsilloliths are reported using panoramic radiography [96, 98, 100] . The panoramic radiography helps to observe the location of opacities, but considering its two-dimensional limitations, a computed tomography or cone beam computed tomography scan is necessary to accurately position the calcifications [96, 100] .
Treatment is usually removal of concretions by curettage and larger lesions may require local excision [96, 98, 99] . If there is evidence of chronic tonsillitis, tonsillectomy offers definitive therapy; however it is advisable to postpone tonsillectomy until all acute symptoms have subsided [98] .
The diagnosis of tonsillar calculi, exploring their etiology, evaluating them for removal, and not dismissing them as clinically insignificant it is important because of the significant morbidity via chronic infection, pain, and/or swallowing abnormalities, with the potential of further pulmonary complications [95] .
Conclusion
Panoramic radiograph is a radiological technique that provides an overview of the jaws and adjacent structures. Asymptomatic patients may show anatomical variations or alterations that may be randomly displayed on panoramic radiographs. These alterations may contribute to clinical complications and damage the patient's oral and general health. Therefore, it is of utmost importance that dentists be able to recognize the evidence of these variations and alterations on panoramic radiographs and request additional examinations that provide a more accurate diagnosis. Thus, we conclude that the panoramic radiograph, within its limitations, contributes effectively to the initial diagnosis of anatomic variations and alterations, and the dental professional can identify the risks and refer their patients to a specialist. 
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